The unsteady two-dimensional stagnation point flow of the Walters B' fluid impinging on an infinite plate in the presence of a transverse magnetic field is examined and solutions are obtained. It is assumed that the infinite plate at y 0 is making harmonic oscillations in its own plane. A finite difference technique is employed and solutions for small and large frequencies of the oscillations are obtained for various values of the Hartmann's number and the Weissenberg number.
Introduction
During the past few decades, non-Newtonian viscoelastic fluids have become more and more important industrially. Among these fluids are the fluids of diffferential type such as the Walters B' fluid 1 . Behaviour of viscoelastic fluids cannot be accurately described by the Newtonian fluid model. The equations of motion of non-Newtonian fluids are highly nonlinear and one order higher than the Navier-Stokes equations. For this reason, boundary conditions in addition to the non-slip condition are required to have a well-posed problem. Only in some special cases where the higher order nonlinear terms in these equations can be neglected thereby reducing their order, are the "no-slip" condition sufficient to yield unique solutions. In general, Rajagopal 2 , Rajagopal and Gupta 3 , Rajagopal 4 and Rajagopal and Kaloni 5 have shown that the absence of this additional boundary condition leads to non-unique solutions for problems involving the flow of fluids of differential type such as Walters' B' fluid in a bounded domain.
The flow of an incompressible viscous fluid over a moving plate has its importance in many industrial applications. The extrusion of plastic sheets, fabrication of adhesive tapes and application of coating layers onto rigid substrates are some of the examples. If a magnetic field is present, viscous flows due to a moving plate in an electro-magnetic field, In this work, the two-dimensional unsteady stagnation point flow of the Walters B' fluid impinging on an infinite plate in the presence of a magnetic field is examined and solutions are obtained. It is assumed that the infinite plate at y 0 is making harmonic oscillations in its own plane and the magnetic field is transverse or perpendicular everywhere in the flow field. Solutions for small and large frequencies of the oscillations are obtained using a finite difference technique. 
Flow equations and boundary conditions
We consider the two-dimensional flow of an incompressible non-Newtonian Walters' B' fluid against an infinite plate normal to the flow in the presence of a magnetic field. The x-axis is along the plate and the y-axis is normal to the plate. We assume that the plate makes harmonic oscillations on its own plane with velocity in the x-direction equal to ae iωt where a and ω are constants. The unsteady two-dimensional flow of a viscous incompressible non-Newtonian Walters B' fluid in the presence of a magnetic field is governed by see Beard and Walters 10 and Na 13 ∂u ∂x
where u u x, y, t , v v x, y, t are the velocity components, p p x, y, t is the pressure, ν μ/ρ is the kinematic viscosity, ρ is the fluid density, σ is the electrical conductivity, B 0 is the magnetic field and α 1 is a measure of the viscoelasticity of the fluid. It is assumed that σB 0 1, so that it is possible to neglect the effect of the induced magnetic field. For this problem, the boundary conditions are given by
where c > 0 is a constant which has the units of inverse time. The quantity U cx is the velocity of the fluid outside the boundary layer. 
Having obtained a solution of 2.6 , the velocity components are given by 2.5 . The boundary conditions in terms of the streamfunction ψ x, y, t take the form ∂ψ ∂y ae iωt , ∂ψ ∂x 0 at y 0, ∂ψ ∂y cx, ∂ψ ∂x cy as y −→ ∞.
2.7
The shear stress component τ 12 is given by
∂x∂y .
2.8

Solutions
Following Glauert 17 , we seek a solution in the form ψ cxf y ae iωt g y 3.
1
The boundary conditions take the form
Using 3.1 in 2.6 , we obtain
3.3
Non-dimensionalizing using
we get
where W e a 1 c/μ, the Weissenberg number, is the ratio of the elastic effects over the viscous effects and M σB 0 /ρc, is the Hartmann's number. The asymptotic behaviour of F y far away from the plate outside the boundary layer is given by
where A is a constant that accounts for the boundary layer displacement.
Using this asymptotic behaviour, we obtain
Integrating 3.5 once with respect to η and using the conditions at infinity, we have see 10
System 3.8 with M 0 has been solved numerically by many authors Beard and Walter 10 , Ariel 21 . Using the shooting method with the finite difference technique described by Ariel 21 ,  Figure 1 shows the profiles of F for various W e when M 0. Figure 2 shows the profiles of F for various M when W e 0. Figure 3 depicts the profiles of F for various M when W e 0.2. We observed that as the elasticity of the fluid and the Hartman's number increase, the velocity near the wall increases.
Letting φ η G η , then system 3.9 becomes The only parameter in system 3.10 is the frequency ratio ω/c. Series solutions will be developed, valid for small and large values of ω/c, respectively.
Small values of ω/c
Consider the case where ω 0, which implies that the plate velocity has the constant value a. Letting φ φ 0 , then system 3.10 gives
3.11
This system is solved numerically using a shooting method and it is found that for W e 0 and M 0, φ 0 0 −0.811318 which is in good agreement with the value obtained by Glauert 17 . Numerical values of φ 0 0 for different values of W e and M are shown in Table 1 This system can be solved numerically either by using the perturbation technique or by a finite difference scheme. Numerical integration of system 3.13 for n 1 using a finite difference technique gives for W e 0 and M 0, φ 1 0 −0.49307 which is in good agreement with Glauert's value 17 . Numerical values of φ 1 0 for different values of W e and M are shown in Table 1 . These values are in good agreement with Labropulu et al. 20 for M 0. Figure 6 shows the profiles of φ 1 for various values of W e and M 1 and Figure 7 depicts the profiles of φ 1 for various values of M and W e 0.2.
Numerical integration of system 3.13 for n 2 using a finite difference technique gives for W e 0 and M 0, φ 2 0 0.0945488 which is in good agreement with Glauert's number M and Weissenberg number W e . The reason for this behaviour is that the magnetic field B 0 induces a force along the surface which supports the motion. As a result, the velocity along the surface increases everywhere and hence the shear stress on the wall increases with increasing Hartmann's number and Weissenberg number. These conclusions are presented for the Walters' B' fluid. Future works will examine the unsteady stagnation-point flow in the presence of a magnetic field of other viscoelastic fluids.
